CLIMATIC ATLAS OF ICING POTENTIAL OVER NORTH AMERICA
(U) RIR FORCE ENVIRONMENTAL TECHNICAL APPLICATIONS
CENTER SCOTT AFB IL JAN 86 USAFETAC/DS-86/08 w1

-
s
[

=
F




rEFFEER

rr

F
(X3

lllll' 2l

'pnocopv RESOLUTION TEST CHART
NATIONAl RUREAU OF STANDARDS-1963-A
&

Se

4

'\{-'\'\ G ‘:

'4.\.

)

i.c, 5 \f |‘

.hﬂg l&‘l‘ ‘l .n (A% .t l‘n‘l‘l. "



§ USAFETAC/DS-86/001

¢ —— R
P BmMS M

a [l

<

CLIMATIC ATLAS
! OF
ICING POTENTIAL
OVER |
NORTH AMERICA pTIC

g, -G = CTE
N L %

E

Approved For Public Release; Distribotion Unlimited

JANUARY 1986

UNITED STATES AIR FORCE
AIR WEATHER SERVICE (MAC)
USAF
ENVIRONMENTAL
TECHNICAL APPLICATIONS
CENTER

SCOTT AIR FORCE BASE, ILLINOIS 62225-5488

86 11 18 087

s p T ‘ AW S T T e T L PE IR R L S O T T ST
Ut /Y P o L N s ~ N n S Sl R A A A,
Y iy Pop ! o <] L “*r, o A ! ’ .,. N " q ‘.}‘N '(;\ \.- CaRN \n‘ .J\-‘ ‘H_HJ‘ T e




REPORT DOCUMENTATION PAGE

la.  Report Security Classification: UNCLASSIFIED

3. Distribution/Availability of Report: Approved for public release; distribution fs unlimited,
% 4, Performing Organization Report Numb=r: USAFETAC/DS-86/001

6a. Name of Performing Organization: USAFLTAC

6c.  Address: Scott AFB, IL 62225-5438

11, Title: A Climatic Atlas of Icing Potential Over North America (UNCLAS3IFIED)

13a. Type of Report: Data Summary

14, Date of Report: January 1936

15. Page Count: 126

17. COSATI Codes: Field--04, Group--—02

- 18. Subject Terms: *CLIMATE, ®*CLIMATOLOGY, *AIRCRAFT ICING, ¥*ATLAS, *NORTH AMERITA, SMITH-FEDDES,
*METEOROLOGY, satellite meteorology, liquid water content, 3DNEPH.

19, Abstract: A climatic atlas of charts that show percent frequency of occurrence of potential
icing conditions over North America. 3ince leing reports are sparse, an daccurate icing climatology is
difficult to obtain. A climatology of elements for potential icing conditions, however (such as liquid
water content and temperature), can be derived, The Smith~Feddes Liquid Water Content (LWC) computer
model uses combined data from the Air Force Global Weather Central <LAFGWCY; Three-Dimensional
Nephanalysis Data Base (3DNEPH) and the upper air Analysis Data Set %4BS¥ for input. Output consists
of percent freguency of occurrence of a liquid water content threshold concentration in a defined layer
and temperature range. Output was generated for three concentrations, three layers and for
temperatures at or below freezing. This data was then manually 2onverted into 117 monthly and annual

map3 showing percent frequency of occurrence for potential icing conditions.
29, Distribution/Availability of Abstract: Same as report. ;f&
% 21.  Abstract Security Classification: UNCLASSIFIED j

22a. Name of Responsible Individual: 1 Lt Paul R. Thorson

22b. Telephone: 618 256-2642

P
22c. Office Symbol: ECO }.f«‘.(‘c:'sﬁim} ¥er - i
NT'S  GRART

* L
- Distiibution/ :
Mrailarility Cedes !
..... -
e Y andsor |
Ticr 1 recial

>

.::h DD FORM 1473 ’ T T e

iit

LIS IS

-.... «.,

- » LIPE DU R U IS TR O S I R U TR AL TN T W SR NG I SR
A / N N B A S AT N N A I A AL SO A R C AN
¢ .!‘\ ..‘-‘..l'_ ..‘ AN : s, ,'t‘ ‘b, A xS .,“.. o ¢ |.! ! }. ) fa '4 - " " ( & 'F:"- - : \} ." > «* o

(LA S A

2




o

AL O T4
0SNG RN

-

PREFACE

This document was completed for USAFETAC Project 3702, initiated to satisfy a Sth Weather Wing
request for icing climatology. SMSgt Charles Travers, USAFETAC/ECO, started the project in April 1985
and was the project manager until his transfer to another branch in August 1985, He was succeeded as
project manager by 1st Lt Paul Thorson, who saw the project through to its completion. All manual
chart contouring was by SSgt Charles Carrier. Capt James Millard was the technical consultant. TSgt
Ronald Coleman wrote computer software that simplified data extraction from the liquid water content
database. The USAFETAC Data Automation Branch also deserves recognition for dealing with the
considerable computer time requirements for the Smith~Feddes liquid water content model.

cicin L o e, e A o Bt e Y
S MRAE) y , " Q) & Yo A%
RN I ORI T SRR Dy 08 ¥ {4 Dty h‘i\ﬁ's-"l\'ﬁ"'l\ft‘-.t‘-‘l R e R £ K<




¥
[+
%
CONTENTS
¢ Page
v PURPOSE AND BACKGROUND. . ... c.iuseevecssasosenssasosansnoncensoeasassssesssnsssnsosnsssssnnsnsnasnal
* ReqQUiremeNnt . iiureeereetiosersssseseteascssvsasosnssoessasnsssuoannsssssessocoscososussessasnsoes]
A m 1118 SOLULLON. e e verecnteansssoosoosesocasssssssssasssassossosassssassssossannsoonsasnansasosacel
1
THE SMITH-FEDDES LWC MODEL....coseeoevencsasssocassaassssassonsanasssnsessans O |
LWC Model DesSCriptlon..ceesseseeeesesesosscasessssssssossasosssnsseosasessssoonsaunseasaaannal
HOWw the LWC MOdE@Ll WOrKS..uussesoassesocaesacosossssssosssnsassnsnasossasoasonnassnssssnssasssl
¢
¥ PERIOD OF RECORD.....vueeerruneennnnasennone tossesnnanaeessonnsosnnnnes e et
g
o
.L CHART PREPARATION METHOD......00cvecvutcnnorsnanssssssacasscsossnsasens Certeaeenas esesann e
'
K USING THE CHARTS...vicosecsncsososcrcaososonssscnsannos [ heaseerariaraaas Cerestecnaaens .2
EXAMPLE CHART INTERPRETATION.......ceciivteversenrssnncnsonsansane et rean e e reseaaas Cireeen 2
.
¢ g
1; CHART 1 JANUARY Surface to 1,524 Meters, Concentration ,10 g/m3.. cessen P |
3 a
:? CHART 2 FEBRUARY Surface to 1,524 Meters, Concentration .10 g/m3. tesesannnna [
i
B CHART 3 MARCH Surface to 1,524 Meters, Concentration .10 g/m3................... vesesD
CHART 4 APRIL Surface to 1,524 Meters, Concentration .10 g/m3.........................6
¥
&
:% CHART 5 MAY Surface to 1,524 Meters, Concentration .10 g/m3.........................7
l’.
gb CHART 6 JUNE Surface to 1,524 Meters, Concentration .10 /M ....ieeeeterancorssaanseed
X
)
{J CHART 7 JULY Surface to 1,524 Meters, Concentration 10 g/m3.........................9
-~ CHART 8 AUGUST Surface to 1,524 Meters, Concentration .10 g/m3........................10
ol
ﬁa CHART 9 SEPTEMBER Surface to 1,524 Meters, Concentration .10 g/m3........................11
R
ék CHART 10 OCTOBER Surface to 1,524 Meters, Concentration .10 g/m3........................12
1}
("} .
" f-iih CHART 11 NOVEMBER Surface to 1,524 Meters, Concentration .10 g/m3........................13
. CHART 12 DECEMBER Surface to 1,524 Meters, Concentration .10 g/m3........................1“
e
¥
:d CHART 13 ANNUAL Surface to 1,524 Meters, Concentration ,10 g/m3........................15
W
W ; 3
.? CHART 14  JANUARY Surface to 1,524 Meters, Concentration .50 /M7c..eeececresccssceasassalb
X
!ﬁ CHART 15 FEBRUARY Surface to 1,524 Meters, Concentration .50 g/m3........................17
v CHART 16  MARCH Surface to 1,524 Meters, Concentration .50 g/m3........................18
0w
?} CHART 17 APRIL Surface to 1,524 Meters, Concentration .50 g/m3........................19
3¢
]
:l CHART 18 MAY Surface to 1,524 Meters, Concentration .50 g/m3........................20
N
bt . CHART 19 JUNE Surface to 1,524 Meters, Concentration ,50 g/m3........................21
¢ CHART 20 JULY Surface to 1,524 Meters, Concentration .50 g/m3........................22
%
s.‘ ) CHART 21  AUGUST Surface to 1,524 Meters, Concentration .50 B/M3......eiveviurueensesans23
{% CHART 22 SEPTEMBER Surface to 1,524 Meters, Concentration .50 g/m3................. ..... o2k
{c' CHART 23 OCTOBER Surface to 1,524 Meters, Concentration ,50 g/m3..................... ..25
ity CHART 24 NOVEMBER Surface to 1,524 Meters, Concentration .50 g/m°.....vuecues esesaans 26
S\
,’J: CHART 25 DECEMBER Surface to 1,524 Meters, foncentration .50 g/m3 Cesaaaeaas - 4
) 3
) CHART 26  ANNUAL Surface to 1,524 Meters, Concentration .50 g/m3..... et eserretanenn v .28
)2
v
;a‘. :«.‘:‘.5
b‘.‘
A
A‘~
"
W,
N S T P D R Qi oy - - R s ’\(ufigf

R4 " .
b b ) N
Aty A‘An|a,b’-"’\.‘l MO NVAY) Q.‘?O Jb’lu"l N




CHART 27 JANUARY Surface to 1,524 Meters, Concentration 1.00 g/m329

CHART 28 FEBRUARY Surface to 1,524 Meters, Concentration 1,00 g/m3........................30

CHART 29  MARCH Surface to 1,524 Meters, Concentration 1.00 g/m3........................31 \
CHART 30 APRIL Surface to 1,524 Meters, Concentration 1.00 g/m3........................32 m
CHART 3t MAY Surface to 1,524 Meters, Concentration 1.00 g/m3........................33
i

;:::;: CHART 32 JUNE Surface to 1,524 Meters, Concentration 1,00 g/m3........................3“

Al

A)

z;‘ﬁ' CHART 33  JULY Surface to 1,524 Meters, Concentration 1,00 E/M3u..eeeerseeesssrnsneeasn3S

e

&

::::g: CHART 34  AUGUST Surface to 1,524 Meters, Concentration 1.00 g/m3........................36

PR |
CHART 35 SEPTEMBER Surface to 1,524 Meters, Concentration 1,00 g/m3........................37

(R

‘.-Qﬁ

‘«:g:l CHART 36 OCTOBER Surface to 1,524 Meters, Concentration 1.00 g/m3........................38

.ila: -

:;; lg“ CHART 37  NOVEMBER Surface to 1,524 Meters, Concentration !.00 g/m3........................39

W

?i.:!ix CHART 38 DECEMBER Surface to 1,524 Meters, Concentration 1.00 g/ma........................'40
CHART 39 ANNUAL Surface to 1,524 Meters, Concentration 1,00 g/m3........................LH -
CHART 40  JANUARY 1,525 to 3,048 Meters, Concentration .10 g/m3u2

CHART 41 FEBRUARY 1,525 to 3,048 Meters, Concentration .10 g/m3u3

B
'::i& CHART 32  MARCH 1,525 to 3,048 Meters, Concentration .10 g/m31m
LA
CHART 43 APRIL 1,525 to 3,048 Meters, Concentration .10 g/m3h5
w
5: CHART 44  MAY 1,525 to 3,048 Meters, Concentration .10 g/m34&6
'
\3‘ CHART 45 JUNE 1,525 to 3,048 Meters, Concentration .10 g/m3)47
k)
Y
’::l' CHART 46  JULY 1,525 to 3,048 Meters, CONCentration .10 &/M3...cuseeeseeesencennensss B o
APy
CHART 47  AUGUST 1,525 to 3,048 Meters, Concentration .10 g/m3l%9 %
2
: 4 CHART 48 SEPTEMBER 1,525 to 3,048 Meters, Concentration .10 g/m350
‘\.
B :’ CHART 49  OCTOBER 1,525 to 3,048 Meters, Concentration .10 g/m3.. ...... cesesesesessnssaadd)
L)
()
) " CHART 50 NOVEMBER 1,525 to 3,048 Meters, Concentration .10 g/m352
ERA N )
CHART 51 DECEMBER 1,525 to 3,048 Meters, Concentration .10 g/m353
BN
3 :: CHART 52  ANNUAL 1,525 to 3,048 Meters, COnCentration .10 §/M>3seecseececereecesasnsnenesbl
x
'\_‘ CHART 53  JANUARY 1,525 to 3,048 Meters, Concentration .50 g/m3 ..... Cerereasaes sereaseassD
"i.‘ CHART 5S4 FEBRUARY 1,525 to 3,048 Meters, Concentration .50 g/m356
a2 -
CHART 55 MARCH 1,525 to 3,048 Meters, Concentration .50 g/m3.... ...... [ Y 4
()
,\* CHART 56 APRIL 1,525 to 3,048 Meters, Concentration .50 g/m3... ..... Cereseraanenn veessD8
. .
::’ ‘: CHART 57 MAY 1,525 to 3,048 Meters, Concentration .50 g/m3..... ....... tesrsesssssseen?
: 'ﬁ"’ CHART 58  JUNE 1,525 to 3,048 Meters, Concentration .50 g/m3....... e eaasieearecenraa. 60
CHART 59  JULY 1,525 to 3,048 Meters, Concentration .50 g/m3 ..... P ceseneen ..61
i
::: CHART 60 AUGUST 1,525 to 3,048 Meters, Concentration .50 g/m3.. ...... veiaeeane Ceresanane 62
\
:::‘. CHART 61  SEPTEMBER ',525 to 3,048 Meters, Concentration .50 g/Mm3....e.... e cereiaa 63
o
o
v,
vi _—
o7 0%
iy NaN
‘g
'Rg
ol
N 2 AR
iy
b

I*- -}‘f.’."-"J“' -' ,-.
DN R NN

B AT AL
M X TN AP




CHART 62 OCTOBER 1,525 to 3,048 Meters, Concentration .50 @/M3...eseesecsceecosencsessalbll

::‘ CHART 63  NOVEMBER 1,525 to 3,048 Meters, Concentration .50 g/m3..... ..... P .11
E:; A CHART 64 DECEMBER 1,525 to 3,048 Meters, Concentration .50 g/m366
f, Q%b CHART 65  ANNUAL 1,525 to 3,048 Meters, CONCENtration .50 @/M3u.e...u.sesesseeeernnnss 67
CHART 66  JANUARY 1,525 to 3,048 Meters, Concentration 1,00 g/m368
' CHART 67 FEBRUARY 1,525 to 3,048 Meters, Concentration 1.00 g/m369
1 CHART 68 MARCH 1,525 to 3,048 Meters, Concentration 1.00 8/M3u...eeesseeseensnsessnsssaTO
:‘ CHART 69  APRIL 1,525 to 3,048 Meters, Concentration 1.00 g/m371
: CHART 70  MAY 1,525 to 3,048 Meters, Concentration 1.00 §/M3eiiceeeeeeenssuunnseeeesssl?
::: CHART T1 JUNE 1,525 to 3,048 Meters, Concentration 1,00 g/m3......... ...... creessenns .73
:‘f:i * CHART 72 JULY 1,525 to 3,048 Meters, Concentration ',00 g/m3..........................724'/
) CHART 73  AUGUST 1,525 to 3,048 Meters, Concentration 1.00 €/M3e.eeueseersseseesnsneesnen?5

CHART 74 SEPTEMBER 1,525 to 3,048 Meters, Concentration 1.00 g/m376

¢ . CHART 75 OCTOBER 1,525 to 3,048 Meters, Concentration 1,00 g/m377
J CHART 76 NOVEMBER 1,525 to 3,048 Meters, Concentration 1.00 g/m378
;;:;' CHART 77 DECEMBER 1,525 to 3,048 Meters, Concentration 1.00 8/Mm3.e.seuseuseneeueenneneenss?9
" CHART 78  ANNUAL 1,525 to 3,048 Meters, Concentration 1,00 g/m380
:' CHART 79  JANUARY 3,049 to 4,572 Meters, Concentration .10 g/m3............ ........ P 3
"‘: CHART 80  FEBRUARY 3,049 to 4,572 Meters, Concentration ,'0 g/m3... ....... Creereransan P -4
;:\::: ~ CHART 81  MARCH 3,049 to 4,572 Meters, Concentration .10 g/m3 ...... .83
) @ CHART 82  APRIL 3,049 to 4,572 Meters, Cor.centration .10 g/m3..........................8'4
t CHART 83 MAY 3,049 to 4,572 Meters, Concentration .10 /M3.u.u.ieesessersesseneensssa85
E: CHART 84  JUNE 3,049 to 4,572 Meters, Concentration .10 g/m3..........e..... eereeen..86
~" CHART 85 JULY 3,049 to 4,572 Meters, Concentration .10 g/m387
»
CHART 86 AUGUST 3,049 to 4,572 Meters, Concentration .1'0 g/m3 ......... Cerrestteaneneane 88
:2: CHART 87 SEPTEMBER 3,049 to 4,572 Meters, Concentration .10 g/M3ceceveeeeecnnn.. Creeeenaen 89
:::' CHART 88 OCTOBER 3,049 tc 4,572 Meters, Concentration .10 g/m3 ........ Cerereenas veeeee..90
::1.&» CHART 89 NOVEMBER 3,049 to 4,572 Meters, Concentration .10 g/m3e......eevon... e 91
’ CHART 90 DECEMBER 3,049 to 4,572 Meters, Concentration .10 g/m3...... ..... Ceesir et eenens 92
’
s CHART 91 ANNUAL 3,049 to 4,572 Meters, Concentration .10 /M ee...e.eeesss... e 93
:" ’ CHART 92 JANUARY 3,049 to 4,572 Meters, Concentration .50 g/mz. Ceecenenaas e . v 94
‘; CHART 93  FEBRUARY 3,049 to 4,572 Meters, Concentration .50 g/m3........... e 95
A__ CHART 94 MARCH 3,049 to 4,572 Meters, Concentration .50 ;.z/m3 ............ et tiea e 96
t:) CHART 9% APRIL 3,049 to 4,572 Meters, fConcentration .50 g/m3 ............. et e e 97
-‘C, CHART 96  MAY 3,049 to 4,572 Meters, COncentration .50 B/M3e..ueeeeeeeenrennnsnnns. a8
e
e aﬁ vii
& . ."'.--'.
Y
ha”
;:':
“‘
v SN Ry ) DT S N . y e

- .
afavat < ¥
LA LA o
SN e ).a,m LA AN AN N s




rjfn: O]
e
l‘( A
g
CHART 97 JUNE 3,049 to 4,572 Meters, Concentr .tion .50 g/m399
CHART 98 JULY 3,049 to 4,572 Meters, Concentration .50 g/m3........... .......... v e. 100
CHART 99 AUGUST 3,049 to 4,572 Meters, Concentration .50 g/m3... ...... e etesaseseean 101 )
CHART 100 SEPTEMBER 3,049 to 4,572 Meters, Concentration .50 g/m3 ...... et ettt 102 ‘(‘_-.'-}“‘
CHART 101 OCTOBER 3,049 to 4,572 Meters, Concentration .50 g/m3 .................... vesan103
Ly
,"t: *o CHART 102 NOVEMBER 3,049 to 4,572 Meters, Concentration .50 g/m3..... ..... Creeasiens ool 108
V:V‘vg’
':"ﬂ." CHART 103 DECEMBER 3,049 to 4,572 Meters, Concentration .50 g/m3 .................... vee.. 105
steyty
ril (X
:.,,::! CHART 104 ANNUAL 3,049 to 4,572 Meters, Concentration .50 g/m3 ..... Ceeeeeen Cereeeeenna 106
i Paakd
CHART 105 JANUARY 3,049 to 4,572 Meters, Concentration 1,00 g/m3 ......................... 107
3;!:;: CHART 106 FEBRUARY 3,049 to 4,572 Meters, Concentration 1,00 g/m3 ......................... 108
i.‘.', -
:!:."l CHART 107 MARCH 3,049 to 4,572 Meters, Concentration 1,00 g/m3 ........................ .109
P
(
:‘ht:t CHART 108 APRIL 3,049 to 4,572 Meters, Concentration 1.00 g/m3........ e, cerl 110
Sy
CHART 109 MAY 3,049 to U,572 Meters, Concentration 1.00 g/M3...ueeerneneenenrnnn. R -
R
\:.:::l CHART 110 JUNE 3,049 to 4,572 Meters, Concentratinn 1,00 g/m3 ........... beieereeaaraan 1M
)
t::::. CHART 111 JULY 3,049 to 4,572 Meters, Concentration 1.00 g/m3 ........... e reeeraenaa. 113
Sy
_:f:.'t CHART 112 AUGUST 3,049 to 4,572 Meters, Concentration 1.00 g/.'n3 ............ P 114
L
CHART 113 SEPTEMBER 3,049 to 4,572 Meters, Concentration 1.00 g/m3.... .................. el 115
't‘ |
;: ) CHART 114 OCTOBER 3,049 to 4,572 Meters, Concentration 1,00 g/m3 ............... N .. 116
::" ) CHART 115 NOVEMBER 3,049 to 4,572 Meters, Concentration 1.00 g/m3 ......................... 117
BN
l"t" CHART 116 DECEMBER 3,049 to 4,572 Meters, Concentration 1,00 g/m3 ...................... ...118 .
\.,I
CHART 117 ANNUAL 3,049 to 4,572 Meters, Concentration 1.00 g/m3 ......................... 119 %
(g
o) BIBLIOGRAPHY......... e e e i ettt e, 120
“..
X
N DISTRIBUTION.........cvu.un. e e e e e 121
00
KW
R
N
,'a“l:
nl
e
)
LM
o -
‘\‘
'}‘f .
k) -
. i
I"“‘
e
"
\.'
ele
viit _—_—
o=
‘> AN
’s &S
o
\
e
NG
M)

o', '."H;-‘.F'J{-‘J‘(\J_..' R P s C R AR 0y SR

Y ; , ‘“
AR L Tl n il o AT IR s, any o. PO IR W

At TV W Ty --:’._':1 .
(" "." -“(. 2L T



< el

- o
o« S oA

s s AR v

PURPOSE AND BACKGROUND

The Requirement. This atlas i{s based on a Sth Weather Wing request for North American aircraft
icing ?iimatology to use in c¢lose air support and other low-level operations. Unfortunately, the
science of forecasting icing is far from exact and reports of aircraft icing were scarce. 1In addition,
aircraft icing i3 a function of airframe geometry, airspeed, flight profile, and degree of exposure--
none of which can be quantified or averaged to produce a meaningful icing climatology. For all these
reasons, productizn of an accurate icing climatology was a challenge. Nonetheless, the requirement was

geniine; there was a definite need for a simple and universally applicable climatology related to
airerafr {cing.,

The Solution. USAFFTAC/ECD chose to fulfill the requirement with preparation of this atlas,
which provides graphic presentation of aircraft icing potential, given certain specified conditions.
Tne four elements that determine potential icing conditions are (1) liquid water content, (2) cloud
drop-sice distribution, (3) cloud temperature, and (4) ambient temperature. Of these, liquid water
content 3and amdbient “emperat.re can bte derived and quantified. The tool used to produce the charts in
this ATlas was the Smith-Feddes Lijuid Water Content (LWC) model, which uses the Air Force Global
Weatner Central (AFGWS) Tiree-Dimensional Nephanalysis Data Base (3DNEPH) and the upper air Analysis
Data 3Set [ADS) for input, The combined data sets, using satellite meteorological data, surface
observiations, and rawinsonde observations, were transformed into percent frequency occurrence of a
tnresn>t v or higher concentration of liquid water content by layer and temperature. That output was
tnen cridded on maps, upon which percent frequency isopleths were drawn. Through the use of accurate
t13:11 water content and temperature c¢limatology, then, a useful tool for predicting the potential for
aircralt {2ing Was produced.

THE SMITH-FEDDES LWC MODEL

LWC Model Description., The Smith-Feddes liquid water content model was developed in the mid-
1972's 2t ISAFFTAC, It determines liquid water content at a given point in the atmosphere with an
empiricil model, There are twe inputs to the Smith-Feddes model., The first is the 3DNEPH data base, a
fifreen-laye yo

i i~al eloud distribution data base wWwith a 25 nautical mile (NM) resolution, The
2ONTPY s hased on oan AFO analysis model whose data points contain information on cloud types, bases,
tops, rercent cinl ecover of layers, total cloud cover, present weather, and terrain height. The
secon ! i# rhe Anailysis Data et (ADS), from which ambient temperatures are obtained., This data
32t mas Tiftesn pregsure leovels and A coarser 200 NM resoclution,

How the LWC Model Works. The Smith-Feddes model extracts moisture data from the first source

TRDNELHY and temperatare Jdata from the second source [ADS), creating a liquid water content data base,
3¥y 1ayer ant ﬁ»mper@ture, Aitn 200 NM resolution. Liquid water content varies from zero (no cloud) to
a maximam 2 £ g/m- Iaumulonimbus cloud).  Terrain height is taken into account (from 3DNEPH) so that

salurs 27 ench

\

layer are given in meters above ground level (AGL).

PERIOD OF RECORD

ith-Feddes model covered a Y4-year period of record (1977 to 1980).
and the tremendous amount of information contained in the liquid
it wa3 lmprastical to work with more than 4 years of data. Fach data point
rvatinng for any ! month (4 years times 30 days a month times two observations
serviations for 1%3 annuil summary. Therefore, even though only a 4-year period

o gy LG, Lo ran RS are statistically representative because of the high observation count.

CHART PRFPARATION METHOD

4 witer content data for North America before relating it to a
1 =xtracted frogm the computer runs ineluded point  percent
Wit oa 0% NM o resonlution, Thess pernent {raguencies were then

, [ w 2Ny,
¢ 0 y . - cecsrapk o projestion, The data wers manuially contoured with
eyt Dasuietio. mboue interviia were chosen to maintain oa o simitar gradient and
e eyt : Lot AT ISR F ) G T S SIS T YA N Ml piotting noecontouring illowed
ER e A A R Pdnta s it qls b need smoareine for o oasier interpretation,
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Three concentrations of liquid water content were selected as threshold values to simulate three
environments for potential icing., If the concentration of liquid water was at or above the threshold
value, that observation was counted toward the percent frequency of occurrence. The concentrations
used are: .10 grams per cubic meter (g/m3) (trace to light icing), .50 g/m’ (moderate icing), and 1.00
g/m° (severe icing). In the liquid water content data base, only cumulus and cumulonimbus clouds have
concentrations greater than or equal to '.00 g/m-, Therefore, only in these types of clouds would the
potential for severe icing be indicated by the liquid water content model, Since most in-cloud severe
icing reports occur in cumulus and cumulonimbus clouds, this is desirable.

USING THE CHARTS

The liquid watar content charts that follow are climatological data summaries that indicate the
potential for aireraft icing. They are intended for use as planning and forecasting aids, not as
substitutes for operational icing forecasts, procedures for which are given in AWS/TR-80/001,
"Forecasters Guide on Aircraft Icing.”

The charts give "percent frequency of occurrence" isopleths at or above a given threshold
concentration, Charts are categorized by month, layer, and concentration, The temperature range of
all charts is 233 to 273 degrees Kelvin., All layers are above ground level (AGL).

EXAMPLE CHART INTERPRETATION

In Chart ', the layer shown is surface to 1,524 meters above ground level. The concentration of
liquid water content at or below freezing is .10 grams per cubic meter., Since the month is January,
winter's colder temperatures and cloudy skies are reflected in the rather high percent frequencies of
liquid water content. To interpret the chart, read the isopleths in the same way as a topographic
map. New York City is near the 60 percent isopleth, Therefore, New York City's January cloud cover
will have a liquid water concentration of .10 grams per cubic meter (or more) about 60 percent of the
time. The concentration of .'0 grams per cubic me%er is not very high and has a high occurrence, but
the frequency drops quickly in a moderate (.50 g/m-°) or severe (1.00 g/m>) icing enviromment,

The frequencies of liquid water content will be higher than the actual corresponding environments
of icing. FEven if adequate liquid water content is present at a temperature below freezing, other
factors in icing formation (like airspeed or cloud droplet size distribution) may not be conducive to
formation of ice on the aircraft.
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